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The glass transition temperatures of copolymers of N-alkyl 
maleimide and methylacrylate were measured by use of a glass 
dilatometer. The glass transition temperature (T ) increases g 
wi th increase in the amount of maleimide unit in copolymer, 
and decreases with increase in the length of N-substituents. 
The glass transition temperatures of N-alkyl maleimide copo-
lymers are lower than those of N-aromatic maleimide copolymers 
reported previously. The relation between the glass transition 
temperature and the composition of copolymer is discussed on 
the basis of the Gibbs-DiMarzio theory. The expansion coeffici-
ents at the glassy and rubbery state decrease with increase in 
the amount of maleimide unit in copolymer. However, the product 
T ·~a is almost independent of the composition, where ~a is a g 
difference in the expansion coefficients above and below the 
glass transition temperature. 
The chain stiffness seems to be a main factor for the glass 
transition temperature of maleimide copolymer, although the 
intermolecular energy affects the glass transition temperature. 
Introduction 
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N-substituted maleimides polymerize easily with radical initiators~) 
anionic catalysts2~ y_ray3)and ultraviolet irradiation4~ Several workers 
investigated on the physical and chemical properties of maleimide pol-
S) ymers , and showed that the polymers have the high glass transition temp-
erature, the locally oriented structire and the high thermal stability. 
When the maleimide unit, having the rigid strucyure, is introduced into a 
flexible vinyl polymer chain, the intra- and inter-molecular interactions 
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different from those of homopolymers are expected to play an important 
role on the properties of copolymers. However, the physical and chemical 
properties of maleimide copolymers have not yet been reported in details. 
This work reports on a study of the effects of the composition and N-sub-
stituents on the glass transition temperatures of copolymers of N-alkyl 
maleimide and methylacrylate. 
2 Experimental 
N-Alkylmaleimides were prepared from maleic anhydride by the methode of 
Tawney et al6 ) and Mehta et al7~ Maleimide (M), N-methylmale imi de (MeM) , 
N-ethylmaleimide(EtM) and N-benzylmaleimide(BzM) were purified by sublim-
ation under reduced pressure. N-n-Butylmaleimide(BuM) was purified by 
fractional distillation under reduced pressure. Methylacryrate of commer-
cial grade was purified by the usual methode. 
Copolymerization was carried out in cyclohexanone by use of N,N-azobis-
isobutyronitrile as an initiator in nitrogen atmosphere at 60-70 °c except 
for the cas~ of N-benzylmaleimide, in which benzene was used as a solvent. 
Feed mole ratio of maleimide to methylacrylate was changed from ]2-20 to 
0.3-].0, and the conversion was about 30-50 %. Copolymers obtained were 
fractionated by adding petroleum ether dropweise into 3% acetone solution 
at room temperature, and the two fractions were isolated. The viscosities 
of fractions were measured in tetrahydrofuran by use of an Ubbelohde visco-
meter at 30°C. The intrinsic viscosities of each fraction are given in 
Table ],2,3,4 and 5. 
The sequence distribution in copolymer was estimated from the values of 
monomer reactivity ratios(Table 5), which were calculated from the feed 
ratio of monomer and the composition ratio of copolymer by use of the 
Fineman and Ross equation. 
The glass transition temperature was measured by use of a glass dilatome-
ter. The enclosed liquid is mercury. The rate of increasing and decreas-
ing temperature is 0.2-0.4 °C/min. Rubbery polymer rich in methylacrylate 
unit was solidified after melting, and powder polymer rich in maleimide 
unit was pressed with a pellet processing machine. 
The chemical structure of copolymer is shown in the follwing. 
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Table] N-Methylmaleimide-methylacrylate copolymer 
Composition Intrinsic Glass transition Expansion coefficient ml/g~ Tg .6et Feed 
mol ratio of copolymer viscosity temterature Glassy,. Rubbe~ ml/g 
MA/MI 
°c a g • ]04 ctr ']04 6a .]0
4 
x 102 MI mol\ dl/g 
)9.0 9. ) 0.57 22.8 ).39 4.35 2.96 8.76 
J9.0 9.0 0.35 22.3 ).59 4.49 2.90 8.57 
9.0 )2.5 0.46 32.0 ] .4] 4.35 2.94 8.97 
9.0 J2.5 0.28 32.2 ],45 4.35 2.90 8.86 
4.5 22.9 0.37 59.2 ].54 4.05 2.5] 8.34 
4.5 23.2 o.n 55.9 1.70 4.17 2.47 8.13 
2.3 35.2 0.27 90.6 ],37 3.77 2.40 8.73 
2.3 33.5 0.) 7 87.9 J. 36 3.70 2.34 8.45 
).5 43.6 0.24 ])4.3 ],25 4.03 2.78 )0.77 
].5 44.4 0.]3 ]]2.0 ], 39 3.80 2.4] 9.28 
0.99 57.) 0.)8 ]42.3 ],53 3.76 2.23 9.27 
0.99 56.4 0.] 5 ]40.5 ).65 3.69 2.04 8.44 
average 8.88 
MA:Methylacrylate MI:Maleimide 
~a:Difference in the expansion coefficient above and below the 
glass transition temperature 
Table 2 N-Ethylmaleimide-methylacrylate copolymer 
Feed Composition Intrinsic Glass transition 
Expansion_coefficient ml/gOC 
mol ratio of copolymer viscosity temperature 
Glassy Rubbery 
MAIMI °c ago ]04 °r' J04 
lIet .]04 
HI mol'!; dl/g 
J 2.2 7.4 0.62 ]8.8 2.37 4.58 2.21 
J 2.2 7.6 0.45 J9.0 J .85 4.63 2.78 
5.5 )4.4 0.62 35.5 1.92 4.69 2.77 
5.5 ]4. ] 0.48 34.8 2.09 4.66 2.57 
2.2 28.5 0.57 68.8 ].34 3.89 2.55 
2.2 29.0 0.38 70.3 ]. 39 3.75 2.36 
J.) 42.7 0.52 102.0 ).37 3.88 2.5] 
J.l 42.6 0.39 101.0 ].39 3.78 2.39 
0.6) 54.8 0.5] 130.5 ].48 3.74 2.26 
0.6J 56.5 0.37 ]32.5 ].52 3.68 2. J6 
0.32 66.4 0.47 155.3 ].65 4.24 2.59 
0.32 67.0 0.39 ]58.0 ].82 3.77 ].95 
Tg.lIa 
ml/g 
x 102 
6.45 
8.] 2 
8.55 
7.92 
8.72 
8. J] 
9.53 
8.94 
9.]2 
8.76 
]]. ] 
8.4] 
average 8.64 
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Table 3 N-n-Butylmaleimide-methylacrylate copolymer 
Feed Composition Intrinsic Glass transition Expansion coefficient ml/g·C Tg .t1a 
mol ratio of copolymer viscosity temperature Glassy Rubbery ml/g 
MAIM I MI moHl dl/g ·C agO ]04 a r ']04 t1a .]0
4 
v 102 
18.1 8.7 0.64 )3.5 ) .54 4.78 3.24 9.30 
18.1 8.8 0.38 ]3.3 ].77 4.87 3.10 8.88 
8.3 ]7. ] 0.60 25.7 2.09 4.89 2.80 8.40 
8.3 ]7.5 0.37 26.5 ].94 4.90 2.96 8.82 
3.4 27.3 0.62 40.7 2.27 4.85 2.58 8.08 
3.4 29.0 0.39 42. ) 2. )8 4.60 2.42 7.58 
].8 42.9 0.54 60.2 2.28 4.57 2.29 7.60 
].8 46.0 0.32 63.8 2.35 4.44 2.09 6.91 
].] 53.3 0.48 74.0 2.07 4.59 2.52 8.69 
].] 55.2 0.26 75. ) 2.08 4.5J 2.43 8.40 
0.63 65.7 0.38 88.6 2.49 4.58 2.09 7.53 
average 8.20 
Table 4 N-Benzylmaleimide-methylacrylate copolymer 
Feed composition Intrinsic Glass transition 
mol ratiQ of copolymer viscosity temperature 
MAIM! MI mol% dl/g 
·C 
19.66 12.3 2.18 20.0 
19.66 10.1 ],12 20.5 
9.31 14.7 2.06 32.0 
9.31 )4.8 1.45 32.0 
4.50 23.5 ]. 76 52.5 
4.50 22.8 
- 51.0 
2.37 35. ] ].62 73.0 
2.37 32.1 
- 72.5 
].55 4].2 
- 89.0 
1.55 41.6 0.82 90.5 
].04 49.8 
- 107.0 
L04 50. ] 0.60 J05.0 
'-----------
Table 5 Monomer reactivity ratio 
Monomer Monomer reactivity rati o 
A B r A r B 
MA MeM 0.66 0.8] 
MA EtM ].03 0.58 
MA n-BuM 0.64 0.96 
MA BzM 0.58 0.60 
Expansion coefficient ml/gOC T g.llCL 
Glassy Rubbery 60. .]04 ml/g 
o.g .10 4 o.r ·104 x ]02 
].22 4.33 3.]2 9.1 
2.03 4.18 2.] 5 6.3 
].53 3.94 2.41 7.4 
0.22 3.15 2.93 1].9 
1.36 3.91 2.55 8.3 
].53 3.88 2.35 7.6 
].82 3.87 2.05 7. ] 
].45 3.86 2.4 ] 8.3 
] .47 4.] 3 2.66 9.6 
2.04 4.18 2.14 7.8 
2.22 4.49 2.27 8.6 
2.]8 4.36 2. 18 8.6 
average 8.4 
MA: Methylacrylate 
MeM: N-Methylmaleimide 
EtM: N-Ethylmaleimide 
n-BuM: N-n-Butylmaleimide 
BzM: N-Benzylmaleimide 
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3 Results 
The specific volume-temperature curve consists of the two straight lines. 
The intersection point of the two lines was determined as the glass transi-
tion temperature. The glass transition temperatures obtained are given in 
Table ],2,3,4 and 5, where the glass transition temperature is the mean va-
lue obtained from the run of increasing temperature and from that of decre-
asing temperature. Figure 
shows that the glass transi-
tion temperature increases 
linearly with increase in the 
amount of maleimide unit, and 
departs from linearity in the 
composition rich in maleimi-
de unit. The glass transition 
temperature decreases with inc-
rease in the length of N-subs-
tituents. When the glass tran-
sition temperatures of N-alkyl 
male imide copolymers are comp-
ared with those of N-aromatic 
male imide copolymers reported 
previously~)the former is gen-
erally lower than the latter. 
The temperature gradients of 
specific volume in the rubbery 
state and in the glassy state 
are given in Table ],2,3,4 and 
5, where the difference of the 
temperature gradients in both 
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(3)~ N-n-Butylmaleimide-methylacrylate 
(4)' N-Phenylmaleimide-methylacrylate 
Fig. Glass transition temperature 
and composition 
54 
states are also given. Figure 2 
shows that the temperature grad~ 
ients of specific volumes and 
their differences decrease with 
increase in the amount of maleim-
ide unit, although the data are 
scattered. The product of the gl-
ass transition temperature and 
the difference of the temperature 
gradient of specific volume (Tg .6a) 
seems to be a constant value indep-
endent of the composition in copo-
lymer(Fig. 3). This result suggests 
that the free volume at the glass 
transition temperature is nearly 
constant irrespective of the comp-
o 0 0 1 9) oS1t1on 1n copo ymer • 
4 Discussion 
The theoretical and empirical 
equations on the glass transition 
temperature of a copolymer have 
been proposed by many workers. If 
a copolymer chain is composed of 
monomer units of type A and type 
B, three diads of AA, BB and AB 
exist in a copolymer chain. Gibbs 
and DiMarzio applied their concept 
of stiffness energylO) to a co-
polymer! 1) and derived the equat-
ion in which the stiffness ~nergy 
of a copolymer is assumed to be 
sum of the stiffness energy of 
AA and BB links. uematsu]2)derived 
the modified Gibbs-DiMarzio equ-
ations (]) and (2), in which the 
u 
o 
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Ma1eimide in copolymer mol % 
(]) ag-composition 
(2) ar-composition 
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Fig. 2 Expansion coefficients 
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e:N-Ethylma1eimide-methy1acrylate 
6:N-n-Buty1ma1eimide 
Fig.3 Tg·~a and composition of 
copolymer 
stiffness energy of AB link is considered. 
(]) 
where EAA , EBB and EAB are the stiffness energy of AA, BB and AB link, 
respectively and gAA' gBB and gAB are the mole fraction of AA, BB and AB 
diad in a copolymer, respectively. 
E/kTg = EAA/kTgAA = EBB/kTgBB = EAB/kTgAB ( 2) 
where Tg , TgAA , TgBB and TgAB are the glass transition temperature of a 
copolymer, that of a homopolymer consisting of AA diad, that of a homo-
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polymer consisting of BB diad and that of an alternating copolymer consi-
sting of AB diad. From equation (l) and (2), equation (3) is obtained. 
Tg = gAATgAA + gBBTgBB + gABTgAB ( 3) 
If the mole fraction of A unit, that of B unit and that of AB diad are 
written by fA' fB and f AB , equation (4) is derived! 3) 
9 = f + f = 2f AB AB BA AB (4) 
From equation (3) and (4), the glass transition temperature of a copoly-
mer is expressed by equation (5). 
T - T 9 gAA (5) 
The mole fraction of AB diad is estimated from the monomer reactivity 
ratio by use of equation (6). 
(6) 
where r A and r B are the monomer reactivity ratios, and [A]/[B] is the 
feed ratio of monomer in copolymerization. 
Maleimide polymer has a bulky unit and a rigid strucyure. On the other 
hand, methylacrylate polymer has a relatively flexible structure consid-
ered from the low glass transition temperature. Accordingly, in the case 
of maleimide-methylacrylate copolymer the contribution of AB diad to the 
glass transition temperature is expected so great that equation (5) may 
be applicable to the maleimide copolymer. Figure 4 shows the plots of 
equation 5 for copolymers of N-ethylmaleimide-methylacrylate and N-benz-
ylmaleimide-methylacrylate, where fB is the mole fraction of maleimide 
unit and TgAA is the glass transition temperature of polymethylacryl·ate 
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obtained from extrapolation 
of fB to zero. The values of 
TgBB and TgAB are obtained 
from the slope and the in-
tercept on the ordinate axis 
in Figure 4. From these 
values the stiffness energi-
es of EBB and EAB can be 
estimated by use of equation 
(2). Table 6 summarizes the 
stiffness energies of male-
imide polymers, where the 
stiffness energies of N-ar-
omatic male imide polymers are 
given for comparison. The 
stiffness energies of male~ 
imide polymers are extremely 
300r--------------------------------, 
250 
'. •• 
, .. , . 
200~~~--~~~~~~~~--~--~-J 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
o N-Methylmaleimide-methyacrylate 
• N-Ethylmaleimide-methylacrylate 
Fig. 4 
high, compared with that of polystyrene(].43 kcal/mol.segment)]O)and that 
of polymethylmethacrylate(].44 kcal/mol.segment) !O)This high stiffness 
energy is consistent with the fact that the maleimide polymer has a rigid 
structure. The stiffness energies of poly N-alkylmaleimides are lower 
than those of poly N-aromatic maleimides, and decrease with increase in 
the length of N-substituents. The stiffness energy of poly N-benzylmale-
imide is the same as that of poly N-ethylmaleimide. The effect of bulky-
ness of benzyl group is thought to be reduced to some extent by free rot-
~tion of methylene linkage attached to the nitrogen atom in the imide ring. 
The stiffness energies of AB linkage are very high, and decrease with 
increase in the length of N-stibstituents. Therefore, an introduction of 
maleimide units into a viny~ polymer chain enhances greatly the glass tran-
sition temperature of copolymer. 
Above discussion was made on the basis of the assumption that the inter-
molecular energy is so strong that the free volume fraction reaches to a 
constant value, and that the glass transition temperature is controlled 
primarily by the stiffness energy. However, it is known that both the 
intra-and inter-molecular energies play an important role on the glass 
Table 6 stiffness energies estimated from the relation between 
the glass transition temperature and the composition of copolymer 
Copolymer TgA TgB TgAB Stiffness energgy kal/mol.segment 
A B oK oK oK £M £ £AB BE 
MA MeM 272 5]0 40] ].06 ].99 ].54 
MA EtM 274 50] 395 ].06 ].94 ].53 
MA nBuM 274 397 342 ].06 ].54 ],32 
MA BzM 273 485 378 ].06 ].88 ].47 
MA H 275 5]8 44] ].06 2.02 ]. 7] 
MA PhM 275 543 458 ].06 2.09 ]. 76 
MA TM 278 553 470 ].06 2. ]] ]. 79 
MA MOM 275 550 459 ].06 2.]2 ].77 
H : Maleimide, PhM: N-Phenylmaleimide, TM N-p-Tolylmaleimide 
MOM : N-p-Methoxyphenylmaleimide 
transition temperature. 
Therefore, the cohesive 
energy density of cop-
olymer, which is a mea-
sure of the intermolec-
ular energy, was measu-
red by use of the vis-
cosity methode~4) The 
intrinsic viscosities 
of copolymer in vari-
ous solvents, which 
have different cohes-
ive energy densities, 
were measured at 30°C 
, and the cohesive 
energy density of sol-
Table 7 Cohesive energy density determined 
by use of the viscosity methode 
Copolymer Composition Cohesive energy 
B Of copolymer 
density 
A MI mol % cal/mol 
MA MeM 9.] ]]2 
MA MeM ]2.5 J23 
MA MeM 22.9 ]46 
MA EtM 7.4 ]]2 
MA EtM ]4.4 ]23 
MA EtM 28.5 ]46 
MA nBuM 8.7 ]]2 
MA nBuM ]7.] ]23 
MA nBuM 27.3 ]23 
MA BzM ]0.] ]]8 
MA BzM ]4.] ]23 
MA MA a ]02 
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vent in which the viscosity of copolymer reaches maximum was determined 
as the cohesive energy density of copolymer. As the copolymers contain-
ing more than 30 mol% of maleimide unit are insoluble in most organic 
solvents, the measurement was carried out in copolymers of low maleimide 
content. Table 7 shows that the cohesive energy densities of copolymers 
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increase with increase in the 
amount of maleimide unit, and 
decrease with increase in the 
length of N-substituents. 
Figure 5 shows that the 
glass transition temperature 
increases with increase in the 
cohesive energy density. There 
-fore, the intermolecular 
energy is an important factor 
for the glass transition temp-
erature. 
According to the Gibbs-
u 
o 
IOOr---------~ 
50 
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100 150 
Cohesive energy density 
cal/mol 
O:N-Methylamleimide-methyacrylate 
e:N-Ethylmaleimide-methylacrylate 
DiMarzio theory, both the sti-
ffness energy(€) and the inter-
molecular energy(E) can be es-
timated as follows 1 5) from the 
hole volume fraction, which is 
related to the product of the 
glass transition temperature 
and the differece of the volume 
expansion coefficient above 
~:N-n-Butylmaleimide-methylacrylate 
':N-Benzylmaleimide-methylacrylate 
: Po lymethylacrylate 
Fig. 5 Glass transition temperature and 
cohesive energy density 
and below the glass transition temperature. 
A(E/kT ) + ¢(E/kT ) = 0 
9 9 
A{E/kT ) 
9 
In[ ]+2exp{-E/kT )] + (2E/kT )exp{-E/kT )/ 
. 9 9 9 
(7) 
( 8) 
[]+2exp{-E/kTg)] (9) 
2 
<j>(E/kT) = In[(]+Vo)/21 + [Vo/(]-Vo)]ln[{]+Vo) / 4V ol (lO) g 
Tg·~S = Vo(]+Vo)ln[(]+Vo)2/4Vo]/f{]-Vo)2-4Voln[(]+vo)2/4Vo] J OJ) 
where Vo is the hole volume fraction and ~S is the difference of the 
volume expansion coefficients in the rubbery and the glassy state. 
Table 8 Stiffness energies and the intermolecular 
energies calculated on the basis of the Gibbs-DiMarzio 
theory 
Maleimides Tg Tg • 6a 
o K ml/g 
MeM 5JO 0.0888 
EtM 50J 0.0864 
nBuM 397 0.0820 
BzM 485 0.0840 
H 5J8 0.0900 
PhM 542 0.0970 
TM 553 0.0890 
MOM 550 0.0900 
MA 273 0.0800 
-1» unit kcal/mol. segmen t 
The stiffness energy and the in-
termolecular energy of maleimide 
polymers can be estimated from 
equations (7) , (8) , (9) , (]O) and 
(ll) on the basis of the assum-
ption that the glass transition 
temperature is approximately 
equal to the second order tran-
sition temperature, and that the 
value of ~a is approximately 
equal to that of ~S, and that 
the value of T ·~S is almost g 
independent of the composition 
of copolymer. The results are 
summarized in Table 8. The stiff 
ness energies calculated are 
Hole volmne Intermolecular Sti ~fness energy"') 
fraction 
0.0265 
0.0255 
0.0245 
0.0250 
0.0270 
0.0294 
0.0267 
0.0270 
0.0]80 
energy·) 
].29 
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].03 
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].30 
J .33 
].40 
].39 
0.78 
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s:: 
~ 3.0 
QJ 
U) 
r-i 2.5 
o 
~ 
r-i 
~ 2.0 
~ 
~ H 1.5 
QJ 
s:: 
QJ 
~ 1.0 
QJ 
s:: 
4-1 
4-1 
. .-/ 
+J 
U) 
0.6 0.8 
2.2J 
2. J6 
]. 7J 
2.J3 
2.25 
2.37 
2.40 
2.39 
].]5 
t.O 1.2 1.6 1.8 
Fig. 6 
Intermolecular energy 
kcal/mol.segment 
stiffness energy and the 
intermolecular energy 
nearly equal to those obtained from the glass transition temperatures. 
Figure 6 shows that the stiffness energy is proportional to the inter-
molecular energy. The values of £/kT and E/kT calculated from equat g g 
ions(7) ,(8) ,(9) ,(lO) and (ll) are independent of the composition and of 
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the type of polymers.The ratio of the stiffness energy to the intermole-
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cular energy is a constant,(]. 7) independent of the type of polymers. 
N-methylmaleimide polymer £/kT g 2.] 8 E/kT = g ].28 
N-ethylmaleimide p0lymer £/kT 2.] 8 g E/kT = ] .29 g 
N-n-butylmaleimide polymer £/kT 2.]7 E/kT = ] .31. g g 
N-benzylmaleimide polymer £/kT 2.] 8 E/kT = ]. 3] g g 
Therefore, it is concluded that the glass transition temperatures of male-
imide polymers depend upon the intra- and inter-molecular interactions, 
and that the chain rigidity is more responsible for the high glass tran-
sition temperature. 
In the above discussion the free volume fraction is assumed to be in-
dependent of the composition of copolymer, and that the temperature gradi-
ent of the specific volume is assumed to be equal to the volume expansion 
coefficient. In order to examine the assumption , the specific volume and 
the volume expansion coefficient were measured. Table 9 and ]0 show that 
Table 9 N-Ethylmaleimide-methylacrylate copolymer 
Composition of Glass transition Specific voll.mle Coefficient of volume expansion ]/·C 
copolymer temperature at Tq Glassy Rubbe"ry Tg·t.S MI mol% °C t.S·]04 cc/g 
Sg. ]0 4 Sr']04 
7.4 }8.8 0.901 2.63 5.08 2.45 0.072 
]4.4 35.5 0.877 2.]9 5.35 3. ]6 0.097 
28.5 68.8 0.857 J .56 4.54 2.98 0.] 0] 
42.7 ]02.0 0.839 ].63 4.62 3.03 O.JOO 
54.8 ]30.5 0.825 ]. 79 4.53 2.74 0.] J] 
66.4 ]55.3 0.829 ].99 5. ]] 3. ]2 0.]34 
Table]O N-Benzylmaleimide-methylacrylate copolymer 
Composition of Glass transition Specific volume Coefficient of volume expansion ]/·C 
copolymer temperature at Tg " Glassy Rubbery Tg • !:IS NI moB ~S .]04 °C cc/g Sg • ]04 er '1 04 
}O.] 20.5 0.943 2.]5 4.43 2.27 0.096 
14.7 32;0 0.9]2 1.68 4.32 2.64 0.08] 
22.8 5).0 0.890 ].72 4.36 2.64 0.086 
35. J 73.0 0.872 2.09 4.43 2.35 0.081 
4].2 89.9 0.833 ]. 76 4.96 3.19 O. J J 5 
49.8 ]07.0 0.827 2.70 5.46 2.76 O. ]05 
T '~B increases slightly with increase in the amount of maleimide unit. g 
However, the values of E/kT and E/kT calculated from equations (7) , (8) , 
g 9 
(9),(]O) and (]]) are independent of the composition and of the type of 
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copolymer, and differ slightly from those calculated by use of the values 
of !::.a. 
N-ethylmaleimide polymer E/kT 2.22 E/kT ].22 
9 9 
N-benzylmaleimide polymer E/kT 2.20 g E/kT g ] .26 
These results indicate that a slight change of the free volume fraction 
does not induce a serious change in the values of the stiffness energy 
and the intermolecular energy. Accordingly, the assumption made on the 
calculation of the stiffness energy and of the intermolecular energy 
does not affect the present conclusion. 
The specific volume at the glass transition temperature decreases with 
increase in the amount of maleimide unit. If the number of polymer chain 
in unit volume is constant, an introduction of maleimide unit with high 
molecular weight into a polymer chain causes an increase in density. On 
the other hand, the specific volume of N-ethylmaleimide-methylacrylate 
copolymer is not different from that of N-benzylmaleimide-methylacrylate 
copolymer. It is thought that the number of N-benzylmaleimide-methyl-
acrylate copolymer chain in unit volume is less than that of N-ethyl-
maleimide-methylacrylate copolymer chain, and that a decrease in number 
of polymer chain compensates an increase in density. 
The glass transition temperatures of N-benzylmaleimide-methylacrylate 
copolymer are lower than those of N-phenylmaleimide-methylacrylate co-
polymer. Existence of methylene linkage between nitrogen atom and benzene 
ring lowers the rigidity of N-benzylmaleimide-methylacrylate copolymer. 
The infrared dichroism of benzene ring was measured on a film prepared 
from N-benzylmaleimide-methylacrylate copolymer rich in methylacrylate 
unit. However, no dichroism was observed on a film stretched uniaxially 
about five times. It is thought that benzene ring orients randomly. 
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